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ABSTRAC

Considerable cost and mass savings arce possiblce by Jaunching smell
spacceeraft into luner and planctary spacoe as aocondary payloads. Thoe Arianc,
for example, provides a platform for sceveral such payloads on cach of ito
monthly Jlaunches of placing commmication satellites into geosynchronous
orbite.  Specifically, the sccond stage injects into a geoasynchronous transfor
orbit (GT0), and can accommodal o six spacecraft, cach werghing about 80 ka.
This paper addresses the guestion of how and for what propellant cost can o
spacecrait boe Yaunched from GTO 1o the Moo or other deop space bodiles

We boeagin with the constraints dmposoed by thoe GRO itself. Braefly.,
launch takes place In the carly hours of the morning so that GPO apogec occurs
sl noon Jocal time. The dnclinstion with the cquator 1o about 7 doeg (for

Arianc), with perigee and apogee altitudes of 620 ku and 35,880 kum,
respoectively. After primary payload ccparation, the GPO stage remains par kod
v thas hinghly elliptic orbit dndefinitoly. The small payloads nay be
soeparatoed from the stage at any time, and vse 1ls own propulsion systom to
inioect to the Moon oy another body.  The focus of this paper 1s to determine
which targets are available {from thaie proedoetermined parking orbit, what weadt -
time in orbit is required, which flight options should be used, and what the
propulsion costs are.

A example analyzed briefly for Marse isa given in Table 1. Additional
details of the analysis will be precsentoed in the paper . Fortunately, 1in the
case of Mars, a noon-{ime apogeoe placcment of the Gro is favorable {for using a
direct dnjection to Mars with cortoin constraints,  The required wait time in
orbit bhefore injection to Mars 1s approxiunstely 2 months, After this orbit
sltay time, applying a hoost of about 1.2 kn/scce at perigee will inject the
apaccecralt in the direction ncoccessary Lo go to Mars. Also, since the GO
parkine orbit is near cquatorial, the cscape asymptote wust have a declination
close to wero which, in turn, restricts Jlaunch and arrival dates to certain
time poeriods., The dates given an 9able i 1ie within thesoe time intervals.
This analysis takes duto account nodal roeurcssion and other poerturbations on
the GO orbital olement s,

An alternate method, which reduces propellant rceguircnent s bhut incrcascs
fhigb time, s Lo use two Tunar {lybys toogether with an Farth powered aravity
st In this casce, 0.700 kn/s would bhoe neceded at GT'O peragee for injection
to thoe Moon, and another 0.250 kw/sceco for the Marth powered flyby, roeducing
the overall propoellant uvsage. A dotailced analysis of this approachh will beo
aivern dn tho peaper .

o bhe prosonted at the Seventh Armwal ARS/ATAR Flight Mochanics Confereonce in
Huntaville, Alabama, Webroary 10212, 1997, This roescavceh performed by the Jdot
Propulsion laboratory, California Institute of Techmology, under contract with
the National Acronsutics and Space Admindstration.




Table 1. Requirements for GTO Injected Payloads Direct to Mars

Oppotiunity C3 F It Time (mo) DV {m/sec) Propellant™ (%)
Jan 1999 (ype 2) 8.5 11 1180 26
Mar 2001 (Type 2) 8.5 a 1220 27
Mar 2003 (1 YPe 1) 9.5 7 1220 27
Aug 2005 (Qype ?2) 16 iz 1500 3?7

‘Specific impulseassumed is 390 sec.

In addition, the paper considers various oplions available in wmatching
the constrained GPO ellipse to the necessary cscape direction for the body
considered. These are: (1) the use of nmultiple impulses, such as a planeo
change at apogeo, (2) the use of singlce or multiple Tunar {lybys, (3) escapo
orbhits which may return to Earth i 6 nonthe or a year for additional Earth o
Taonay {1lybys, and (4) ncar cscape orbits which allow solar perturbations to
shape the orbit for an Rarth powerced {lyby . These effects may boe useoed
singly, or in combination Lo cenable specific missions to asteroids and comets,
as well as Venus and Mare.  The references below discuss some of thesoe methods
in doetail.,
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